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TRENCH COVER INTEGRITY

ON LOW-LEVEL WASTE SITES

T, E. Hakonson
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G. L. DePootier

Environmental Science Group

Lm Alamos National Ldmratory

Los Alamos, NM 87545

ABSTRACT

This paper describes impofiant mechanisms by which radionuclidcs can be

transported from low-level waste disposnl sites into biological pathways, discusses

interactions of abiotic and biotic processes, and recommends environmenhd

characteristics that should be measured to design sites that minimize this transport. Past

experience at shallow land burinl sites for low-level radioactive wastes suggests thal

occurrences of waste exposure and radionuclide transpofl are oflcn related [o

inadcquqtc trench cover designs. For example, many of those radionuclidc transport

occumcnccs relate to processes involving water (excess runoff, ?rosion, and percolation)

and bioto (inappropriate vegetative cover and biological intrusion). We bellcvc that site

characterization should involve a careful analysis of excess surface runofl’ and erosion,

soil moisture In the cover profile, vegetation on the cover surface, Mological intrusion,

excess interactions, and in addition, cllmalic variability.

Meeting performance standards at low-level waste sites cnn only be achieved by

recognizing that physical, chemical, and biological processes opcrn[ing on and in n

trench cover profile arc highly Interactive. Failure to do so can lead to improper design

criteria and subsequent remedial ●ction procedures that can advrrsely aflect si(c

stabliity, For example, cfhrts to reduce infiltration of water lhrough the trctlch cover

with n moisture bnrrlcr ncnt the surfucc can drsss!ically alter the wntcr bnlnncc in thr

cover profllc. Imprrrtnut consequences of thnt ncdon might Inclmtc reducing Infiltration

of surfuce water with a subsequent Incrensc In runom and erosion of cover soil,

Bused upon field expcrlrntnts md computer moclcllng, rccommcrwlntions arc mmlc

on riitc characteristics that requlrc measurement in order t’.) dcslgn systems that rcducc

surhcc runuff ml croskm, mana~c Lsull rnolsturc nnd bluta In the cover profile to

maximize cvapotrmrsplrntlcrn and minlmlze pcrcolndon, and plncc hounds on the

Intrusion potenlisd of plnnts and mdmals Imu the wmstc ma[crlal, The usc oi shnllow

land rmrial designs that reduce erosion, nlanagc moisture k [he cover protllc, nml

prevent plunt nnd animal Intrudon Into the waste material wIII rcnuh III control ofmaJur

pnthwnys of radlonuclldc mlgrntk)n that lead to man.

Major unresolved pw)hlcma Include dcvch)plng prubabillstlc ●pproaches thnt

!ncludc clima[lc varlnbillty, Irnprovcd krw,wlcdge M noll-wmtcr plnnt croslon rcln

tkmshlps, development of practical veget-[inn crntddhrhmcnt msd mnlntcntsn,vc



prcwdures, prediction md quadflcation of site potential mnd plant sucassion, and

understanding the interaction of processes occuming on am! in the cover profile with

deeper subsurface processes.

———— ———— ———— ———— ——. .—

INTRODUCTION

The disposal of waste by shallow iand bunai has a history almost as old as man. In recent times the

waste that seems to have attracted the most attention is radioactive waste. Substantial research has been

directed t~ adioactive waste management since the mid- 1940s, In fact, in TID-3311 (1) there are over

22,000 qbstracts on the subject, Despite the voluminous iitcrature, our ability to present convincing

rvidcnce for shaliow land buriai (SLB) site safety is iess than desirable, as evidenced by only 3 of the 6

commercial sites that are currentiy operational.

This paper identifies and discusses trench cover related processes by which radionuclides from loLv-

level waste disposal sites may enter biological pathways, based on a review of past performance of

commercial and EJcpartmcnt of Energy sites, and on an analysis or the interdc~ndence of those

processes using a state-of-the-art water balance model. From that analysis, information needs for site

characterization and monitoring urc idcn;ified to assist in designing efTective trench cover systums and to

monilor situ performance.

TRENCH COVER FAILURE MODES—OPERATING EXPERIENCE

The long term integrity ol”sltcs used for SLB of Iow-level radio~ctivc wustc (LLW) will depend orI

the complex intcrnctions bctwccn the physicnl, chemical, nnd biological proccsscs thut modify the wnstc

contninmcn[ systcm. The containment system for low-level waste usually crrnsists of ~ trench of from

about I 1045 m wide, 2 m i i m s.tccp,ml 6 to 300 m long (2). Ilivcrsc physicnl and chcmicrd forms of

was[c arc pluccd inm the trench, with or without backfill, until the trench is ncnrly full, A finul cover of

nhout I to 2 m of soil is applied, often folkwcd by attempts at rcvegctution to minirnizc erosion, und

scmxlnrily, to incrcasc ac$!hctic nppcarancc of the site.

iinvironmcntnl proccsscs [hut result in radionuclidc transport from n burial site primnrily involve

wh[er and/or k iotn, At present there nppcurs to bc considerahlc concern about the ground wnicr transport

pnthwny a% cvidcnccd by the minimum technical requirements in 10Ci:RO I (3), Ex[cnsivc clhrts nrc

undcrwuy to mcusurc trnnsfcr coclTlrients, develop mmlrls, and culculntc potcn[inl human exposure vin

ground wn:cr pathways. There is nn qucslion that corwcrn with krouml water contnminHtiml is jus[ilhl

hccnusc thi~ mcdiu is nut rcndily suhjccl to rcmcdiul nctiun,

“I”hcrc nrc, however, scvcrnl other imptwtnnt pnthwnvs, pnrticulndy in nrid sites, hy which

rndi(mdclidcs Cnn hc trLIINplWtCL! fr(lm S1.tl silts. M(ISI d’ those pnthwnys, Cilhcr dircclly i)r indirectly.

involve Ikc trcnuh cover,

Trench covcr~ nrc exposed to n very dynnnlic cnvironrncnt nnd must pcrftwnt (i,c,, iwdu[c wmtc)

under hnrsh tcrnpcraturc regimes, dram ltic chun~cs in plnnl nf’d nnimal spccics ctmlptmitiml ns nn[urnl

nucccssion occurs. m.1 under cxtrcmc ctmliti(ms {If wcllin~ and dryit:~. Fnilurc M perform in nny d’ Ihcsc

nrcas cnn :CSUII in the fuilurc of cngh)ccrcd hurricr~ within the cover. cxccssivc crt~siun l~f the uwcr \(lil.

c~ccss pcrcolll:i~m of wntcr inlo Iilc trcnuh, nnd plnnt nnd nnimul intrusion nnd imldlilitnlitm (}I the wn~lc.
I.lndcr these c(}ns[rnints, it is n(,~tsurprising lhnt the most frequent ~nihwc tlltdr nl rxislin~ I .I.W sites in



the U.S. involves processes intmtcting with the trench cover. Fortunately, the accessibility 01’the trench

cover facilitates required remedial action t.o correct contamination problems, in direct contrast to

corrcctiilg the problems arising from ground water contamination.

Documented examples of radionuclidc transport arising from cover related processss (1.4,5,6)

suggest that management of surface water ald biota can be an importald consideration in the long-term

isolation of wastes in both humid and arid regions (Tab;e 1). Some problems that have occurred Ixcause

of surface water include erosion at West Valley and Maxey Flats, se=ps from the down slow trenches at

Oak Ridge. and bath tub overflow at West ValIeJ, Maxey FIGts, and Oak Ridge caused by permeable

trench covers and backfill in relatively impermeable host soils (Table 1).

Arid sites do not completely escape problems with water, as etidenced by trench flooding at Idaho

National Engineering Laboratory (INEL) caused by rapid snow melt, However. over 40 ye,ars of

operating experience ntLLW sites in the arid wesl suggests tha! percolation of’ water through the trench

cover and into the wenches is generally a low-order process despite the very intense rainstorms and

dramatic floodin~ events that occur in this region.

Plants me frequently involved in radionuclide transport from trenches in both arid and humid LLW

sites. and at least in some arid sites requires frequrnt remedial nction. For example, uptake of ‘Sr by

Russian thistle has been a chronic problem at Hanford, while ‘H in flowering vegetation with the potential

for transfer of tritiated water to honey bses and honey. is at least pnrtially responsible for summer

mowing of vegetation on a LLW site at Los Alamos (Table 1). Humid sites repurting radionuclides in

vegetation growing on LLW si[cs are Savannah River, Mnxey Flats, West Valley, arid Oak Ridge. Plnnt

uptake of radionuclidcs al arid sites has been rep~rtcd for lNEL, Hanford, and Los Alamos (Tahic 1).

Table 1. Reported Releases from Low-Level Waste Sites by the Surface Pathway (Refs. 1,4, 5)

Surface Waters

Humid Sites

Seeps Onk Rxige

Erosion - West Valley, Maxey Fln(s

llnth tub efTcc[ - Muxey Flnts, West Vulley. Oak Rid~c

Arid Siles

Snowmeh . Iduhn

Plants
..-. —— ...——— ——. .——. .-— -.. .- —-. -—.. —

Humid Sltcs

[Jplniie Snvnnllnh River, Mnxcy I;lnts, (Jnk Ridge

Arid Sites

lJplnkc IAW ,Aln,nos. I lnnford, lA!IN1

Anlmnls
-. ..- . ...-. .—---- .. ---- ... . —-. .-_--—



Because of the overwhelming concern about ground water pathways at humid LLW sites, animal

intrusion is generally considered to be unimportant as ewdcnced by the lack of references on the subject.

Animal intrusion into trench covers at humid sites simply may not OCCUTor it maybe a minor transport

pathway that can be disregarded. Present data are not su~cient to support either contention,

There is nccumulatbg evidence that animal intrusion into arid LLW sites can be impoflant in

t unsporting wastes to the ground surface and in altering the long-tern, integrity of the trerwh cover.

B Irrowing animals have intruded into sites at Hanford, INEL, and Los Alamos (Table 1).

Operating experience at the I I LLW sites in the U.S. suggests that many of the problems that relate

to radionuclide tranrport often do not involve ground water and invariably involve interactions that OCCUI

with the trench cover, Those interactions, which involve both water and biota, are not well understood,

particularly the role that plants and animals plRy in regulating the water balance in the cover profile and

the importance of biological intrusion through the cover and into the waste as a radionuclide transport

pathway. Few comprehensive long-term path way analyses have been attsmpted to determine the relative

importance of subsurface and surface processes in transporting LLW to man (7), Under a home farm

scenario whereby a family living on an abandoned low-level waste site at Savannah River Laboratory

derived most of their food and water from the site, uptake of ‘Sr by cere~i grains used as food provided

the most significant. ulbeit very low, dose to the family,

A similar analysis for a site at LCISAlamos indicated that n]echanical disturbances caused by tilling

resulted in ~he highest doses to humans farming the site (8),

“l”uprovide a basis (or inftrrma[ion needs during site characterization and monitoring,t he following

sections wiil examine some of the important relationships between water and biota in the trench cover.

HYDROLOGIC INTERACTIONS WITH TRENCH COVERS

A Water Balance Approncb

A conccptualiz,ntirm cd’ some of the processes atTecting SLB site i~ltcgrity (Figure I ) illustrates the

in[crdcpcnclcncc of wirtcr nnd I+otn in the trench cover, Falling prcci~~itation cm [hc site is subjcc[ to

interception by the plnnt canopy, removal ns surfncc runotT. anLt/cw intiltrntion into the soil prolilc, Wntcr

that infdtrn[cs into the soil cull hc removed by evnporalion (F,) from the soil surface amt plant

trul)spirution (T) or ns the comtlincd process of rvnpcrtrunspirulicm (E”r). Wntcr rcmuining in the soil con

be stored or can infiltrate deeper into the wast: and backfill, By dcfmition, wntur thnt moves hclow ihc

Idnnt root zone will bc termed !,ccpngc or percolation. As will hc di:;cusscd later in more dctuil, plunt- und

nnimals can also intrude into the waste vin root and burrow systems (l~i~urc I),
Inlcrnctions of tlmsc prcccsses can he cxprcsscd in n wntcr hnlnncc cquntkn for the trench ~orcr

profil~ as follows:

ds
-ii 1’ Q I:T -t, (1)

where

S - soil moisture,

1’- prccipitntiun,

Q run(d’1’,

1{”1’- el’llp(~lrllllslli l,llti[lll,

1.- sccll:ip~ llr pfI’L’ollllhlll, nlid

t - time,
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TRANSPORT PATHWAYS - SLB

Figure 1. Water and Biota - Relsued Processes Contributing to kadionuclide Transport at Shallow Land

Burinl Low-Level Radioactive Was[e Sites.

The rate of change in soil moisture (as s[ored in the cover protilc) is equal to the dilTeFence between

ir.put (P) rtnd output (Q, ET. rind L) as illustrated in Figure 1. Unils of the terms in Eq. I are generally

expressed as volume per unit area per unit time, or cqu$oe’:nlly, depWtirne (a., r’n~l Pr dv, rnontl~t or

yenr)m

The amount of soil mu’sture (S) stored in the prnlile is a function of the waler holding capacity of the

soil, plain rooting depth, and the amecedcnt and current vnlues for the variable on the right side of Eq, 1.

Preciplta[ion (P) is a function of the climate at a pnrlicular waste burial si’e and is hirhly variable in time

nnd spnce. RuncdT (Q) is a function of precipitation, soil type, vegetation, surface management practice.

and soil mosture. Evapotranspirntion (ET) is a function of climatic variables (c,g., precipitation,

tempernturc, solur rndintion), soi! properties vegetation type, and soil moisture, Percolation (L) is :1

fumion (If soil ptmpcrtics imd soil moisture,

13ecnusc soil erosion nnd sediment trunsport nrc strongly rcla[ed to preuipitatitm nnd runoff. they nrc

nlso rclntcd m the other terms in the wntcr balance equnticm, Finnlly, bccm.rse plunt mrd nnimul mtrusi(m

through the trench cnp tdTccI the writer tmhmcc, (hey nlso nflkct infiltrntimr rates rind erosiclll.

BnsuJ on lhc foregoing dmcussion, most of the components of lIIC wntcr bnhsncc cqunt~:)n illustru(cd

in Figurr I nlso illustrate conluminunl trnnsport pnlhwnys lhnt can result in dose to mull. Specific

examples imhtc:

●

●

●

●

closion of the (rcnch cover nnd rxposurc of the wnslc,

pcrcoluli.)n of surfncc writer into the trench wi[h subsequent leaching and transport or the WUSIC.

cupillnry forces crcalcd try evnpotrunspirnlion. which trunsfror[ wnstc 10 lhc ground surl’rwe, nnd

phm[ and nnimnl trnnspllrt of Ihc wnstc to the ground surface,



[n order to control those pathways and to determine site characteristics that must be measured to

ensure control, we must recognize that we are dealing with an interactive system. For example, suppose

we adopt a conservation measure to control trench cover erosion by reducing surface runoff. We need to

know how this conservation measure influences other terms in the water balance quation, and, by

extension, the other contaminant transport pathways such as plant uptake and percolation. Likewise, if

we install a biological intmsion barrier system (e.g., a rock layer wthin the cover profile) to prevent plant

and animal access to the buried waste, wc need to determine how this action might influence the water

balance quation and, again by extension, contaminant transport pathways associated with runoff,

erosion, and percolation.

The Need for a Simulation MwJel

lkcause ~limatic, hydrologic, and biologic processes are highly variable in time and space, it is

impossible to measure or monilor them under conditions representative: of all possible combinations of

soils, climate, topography, vegetative cover, rind land use. Cor,sequently, there is a need for mathematicrd

models to predict those processes under a wide range of environmental conditions, Procedures to estimate

runolT, erosion, infiltration, percolation, evapotranspiration, and soil moistur~ in trench cover systems,

such as are illustrated in Figure 1, will be essential in designing and monitoring the performance of future

SLB si(es,

Jn response to similar needs for agricultural systems, the U.S. Department of Agriculture (USDA)

developed a reasonably simple computer simulation model called CREAMS (Chemicals, RunolT, and

Erosion in Agricultural Mnnngement Systems) (9,10, 11.12, 13), which included hydrology and

erosion/sediment transport components. The model was intended to be useful without calibration or

collection or extensive site specific data to estimate parameter values by taking advantage of extensive

experimental data sets (9) derived over the years by USDA and others,

The CREAMS model has received wide use and acceptance ( 14) and recently has been proposed as

a useful tool in waste management studies ( 15,16), Although the model has been applied to shallow Itmd

burial sites, additional research will bc required to estimate model parameters under semiarid conditions

and under unique cover profile conditions ~uch as wick systems. mois~ure barriers, and biobarrie:s that

have been considered for shallow Innd burial systems, Towmrd this end, experiments art underwoy

( 15, lfI) to provide information on parameier values at locations represcnta[ive of ]argc areas or the

wcs[crn Uni[cd States and under conditions representative or shullmv lurid burini systems,

Ovcmicw of the CREAMS Model

The hydrology componenl includes two options, The first is a daily rninfnll mcsdelbased on the Soil

Conservation Scrt~ice runoff cqunlion and the srcond, an inflltraiicm nmdcl using time-intensity rninfnll

slntn ( 17), The soil profile, to the plnnt rooting depth, is represented by up to seven Iavcrs (which cnn

rcprcscnt multilayered cover systems), each with n rcprcscntuiivc thickness anu wntcr storngt rnpncily,

The cvnpotranspiration culculntions are bnscd on a procedure devekspcd hy Ri[chic ( I H) nnd il)clu(lc soil

evoporntion nnd plnru [rnnspirrt!ion cstimn[cs based vrr Inonthly air temperature, solar rm~infiort. nml n

kaf aren index. Fksw tt)rough the mot zone is rmmputcd using a soil wn[cr s[orugcrou[ing mutinc und

pcrcolntion is estimated when soil mnisturc cxcceds field capncity. These unkmlntions mnin[uin n wntcr

bnlnncc as dcscribcd hy F+, 1,
Using s(orm inputs frnm the hydrology ctimpmrcnt, the erosion/scdimen[ yichl cnmpmtcn[ computes

soil dctnchmcnt, sediment trunsport. and dcpmition by routing sediment through ovcdnnd flow umt

concentrated flrrw ( 13), Gross erosion nnd scdinw~lt yichl nrc crsmpukd hy sediment pnrticlc size CIUSSCS,

which inclurlc soil aggrcgntcs.



Conservation Research Report No. 26 (9) includes a more detailed description of these components,

results of model testing and evaluation, a sensitivity analysis, and a users manual for preparing model

input.

Applications in Predicting Water Balance

Anticipated applications of the CREAMS model in waste management (site selection and

characterization, evaluating management alternatives, remedial actions, and experimental design) were

described previous] y (15,16). The following discussion compares measured soil moisture, under a variety

of environmental conditions, with simulated results based on the CREAMS model.

Input data for the comparison were obtained from a moisture cycling experiment at Los Alamos,

New Mexico ( 19) and using data from Rock Valley on the Nevada Test Site (20). Data from Los Alam.os

repres.’nt a semiarid site (mean annual precipitation of470 mm) and data from Rock Valley represent an

arid site in the northern Mojave Desert (mean annual precipitation of 165 mm). Input data consisted of

daily precipitation, mean monthly air temperature and solar radiation, textural analysis and water holding

capacity of the soil. plant rooting depths, and veget alive cover density. Data from Los Alamos were for a

6 month period (July-December 198 1), and data from Rock Valley were for a 5 year period ( 1968- 1972),

Soil moisture was measured at Los Alamos with neutron probes to a depth of 120 cm in 90 cm wide

by 150 cm deep culverts filled with a sandy backfill matcria! (crushed tu~ used in shallow land burial

operations a! Los Alamos. One pl~t was maintained with a bare soil surface (unvegetated) and vegetation

(barIcy, Hordeunt vulgure) was established on the other plot, Soil moisture at the Rock Valley site was

estimated from .gravimetric analysis of samples collected at depths of 15 and 35 cm, Soil moisture

measurements were nlade about once a week al Los Alamos and about once every two weeks at Rock

Valley. Although the CREAMS water balance model simulates soil moisture in layers rrom the surface to

the rooting depth, measurements at Los Alamos smd Rock Valley were for soil moisture at depths of 15

cm or greu[cr, whereas simula[ed soil moisture was averaged throughout the entire soil profik. Despite

tint differcncc, we compared simulated and measured soil moistwe. averaged over the entire soil profile,

to examine performance of the model in reproducing the measured seasonal trends.

Components of the monthly water balance for the unvegetated plot at Los Alamos arc shown in

Figure 2, In general, computed evaporation rates from the unvegetat~l plot were less than water

application rates, As a result, average soil moisture in the profile continued to increase from July to

December. Figure 3 shows similar data for the vegetated plot at Los Alamos, [n general, cvapotranspira-

tion (ET) rates exceeded writer application rates, and as a result. average soil moisture in the profile

decreased frorr] July to December, Computed ET was greater by about n Inctor of 2 on the vcgetnted plot

thnn on the bare-soil plo[; these computations are supported by the measured soil moisture dn[u (Figures

2 and 3). Mrrrerwer, the sirnulntcd soil moisture closely mntched trends in the observed soil moisture,

The observed da(a in Figures 2 and 3 suggrst that establishing nnd maintaining vcge!n[ion cm n

trench cover can be an effcctivc means of rnannging moisture in the cover profiiz. Thusc datn nlso suggest

that the CREAMS mmlcl can account for soil moisture dilTcrenccs cnused hy increasul I:’l_ on (IIC

vcgcmlc(i plot,

Components of the monthly water balance for a mtturnl vegctntion community nt Rock Vullcy arc

shown in Figure 4. Computed ET rates were less thnn mensurcd precipitation for the months of

Dccemhcr, Jnnuary, and Februnry. These are the munths in which soil moisture is stored in the soil

profile, Prccipitutiutl IS less than cornputcd IIT during Mnrch, April, nnd Mny and is rcllcctcd by soil

moisture depletion. D’lring the rcmnimtcr of the year, monthly ET is essentlnlly equivalcn[ to rrmnlhly

precipim!ion, These trends arc rcflectcd in the mcnsured nnd simulnted soil nlLlisture IIS shown in Pigurc

4. Although [here nrc difTerenccs in mensurcd nnd computc(l vctlucs of nvcrngc monthly sui. nmisturct the

model cxplnincd (I1c otwcrvcd :;cnsonnl trends.
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The relationship between measured mean monthly soil rnoiski. and estimates based on the

CREAMS simulation model (Figures 2, 3, and 4) suggest significant errors in estimated soil moisture for

individual vahm, but the model explained most of the variation in monthly soil moisture (rz = 0,93 for

combined data sets). Based on previous analyses, the CREAMS model has applications ‘--r cultivated

agriculture. Based nn the analysis of data from Los Alamos and Rock Valley, the model al PCS’s to have

potential for estimating the water balance in semi-arid and arid areas.

Of course, adequate evaluation of the model, under varied waste disposal conditions in arid and

semi-arid regions, will not be possible until experimental data arc avaiiablc for erosion and a;] components

of the water balance. Such data are now being collected using large lysimcters, runoff-erosion plots, and

experimental watersheds (19).

B1OLOGICAL 1NTERACTIONS WITH TRENCH COVERS

Despite the important role of vegetation in controlling the water oalance in the cover profile, deep

rooted plant species can ~ccess radionuclides and bring them to the soil surface, Radionuclides in plant

tissue can be ingested by herbivores or nectar collecting organisms such as honey bees. At Los Alamos.

one of the pathways of radionuclide transport away from the Laboratory’s closely comrolled SLB sites is

via the soil moisture-plant nectar-honey bee-honey pathway (2 I). although radiation doses to humans

that might consume this honey are estimated to be very small.

The importance of preventing buried wast: from reaching the ground surface is illustrated by a

pathway model of plutonium behavior in terrestrial ecosystems (Figure 5). Radionuclides buried below

the ground surface can be absorbed by plant rools and deposited in above ground tissue. However, when

the radionuclides are present in surface soils, as is the case at sekcral LLW sites, physical resuspension of

soil partic!cs (especially the clays) by wind and water can deposit contaniinated soil particles on plant

surfaces (i.e.. leaves. stems, and fruiting bodies). Field studies (22) wi!h plutonium, as well as other

radionuclides. shcw that for every picocurie taken up by plants roots, at least 10 (and often 100 to 1000)

picocuries can be depcwited on foliage surfaces. Of course, most herbivores consume those radionuc]ides

whether they are on or in the pl?nt. Even in the case of humans, who presumably wash vegettkde crops

tefo. : consumption. as much as 50% of their radionuclide intnke from consur,ling certain garden

vegetables may be from very small soil particles (clays) not removed from crop surfaces by standard

household food washing procedures (23).

The importance of burrowing activities within k trench cover is generally disregarded except in those

cases, primarily in arid sites, where problems have arisen (24,25). Trench covers are ,Iisturbed soil

systems, often loosely compacted and are readily invaded by native plants and animals, Burrowing

animals utilize the void spaces left after trench backfilling as natural tunnels and nestin~ sites (26).

Burrowing activities by rmimds play an important role in chemical cycling in [he soil profile, The

vertical transport of Fe, Se, Al, Ca, Mg, U, Ra, and Th from deep soil layers to the surface by the

mechanical action of rodents (27,28) has given rise to the sttitement thnt burrowing rodents serve as

“nutrient pumps’” that bring insoluble materials to the soil sur~acc rcrr weathering (79,30), As mentioned

before, soil and chemicals brought 10 the surface are more rendily available for resuspension and

transporl by physical processes.

Although burrowirg animals cun gain access and transport waste to the ground surface, less obvious

interactions with the cover and trench backfill may be of greater impurtnncc. For example, pocket

gophers inhabiting a LLW site at Los Alnmcis excavated ttbout 12,000 kg of soil pcr kectarc frvm a

trench cover during a orIc year period (31). Displacement of that amount of s~il created about nn 8 m~

void space ill the cover or about 2fW0 m of tunnel s)stcm, Soil disturhancc of u sirnilnr or grentcr

nmgnhude, cnused by burrowing animnls, has been documented in mnrry pnrts of the Wcs[crn U.S.
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(32,33,34,35,36), Tunnel systems created hy pocket gophers in C~lurado hnve been shown to increas~

rates of water infiltration (by dccreasin2 bulk density) into [he soil profile by a factor of two over similar

hut undisturbed profiles (37,38J, Compared with undisturbed vegetated soil stirfnccs. soil cnst to AC

surface by burrowing ac[ivity is also subject to accelcrutcd erosion (33),

Burrowing animals can also greatlj ,~~.;r the in[cgri[y of cnginccrcd, multi layer soil prolilcs by

penetrating through stlch profiles red/or by vcr[ically displacing the Inycrs. In nulivc ranges, urlclcr high

population dcn<ities, pocket gophers arc estimnlcd m lurn over 15 to 25% of the soil surfnuc ill n single

year (35.36),

Despite the frwegnin~ evidcncc supportirig tlw impcrtwr( role thut uninlnls plny in nlmtil~ing tl]c soil

profile, our understanding of’ this role in rclnticrn 10 !on~ tcl III LI.W si[c stnhili(y is minirn[l!, Informn[iou

is needed on relationships of burrowing nnimnls tc, crosicil, infiltr~[i~m rnks (d’ wutrr into Ihc soil, nml

effects on plnnl density and succession. 1,.ikcwisc, succrssitmnl pntlcrns li~l anim~lls [11111occup! 1.1W

sites arc nccdcd 1[~dclerminc chnngcs in the km~-tcrrn intrusion pllcll[in] for [hc spccic$ ltl[lt nCL’IIpy [hc

sites,

ECOLOGICA;. INFORMATION RFQUIRED FOR SI1’E CHARACTKRIZAT1ON

Trench covers, impor[nnt components ill n shnllow Innd hurisd sy~tcms, hnve proved u) bc n I’rcqucnt

source of problems ruluting m wnslc trnnsport from sites. As we ~lnvc sh(m’n, u~ing n wsslrr hnlnlwr

approach, cnvirmsmcnlal processes npcrnting on and in n trench cuvcr protilc nrc hi@ly illtcrdcpcmlcnl,

l’hc C’R1lAMS model nsscmhlcs these hnsic pruccsses inltl n forccnslill~ ttl(lt thnl CIIII III! UWLI itl site

cllurnclcril. ntil)ll, site monitoring, op[imizutiml of’ trench dcsi~n, nnd pcrliwmuncc rvultlnli{~ll, 1‘{}r



example, the fundamental role of vegetation in trench cover water balance indicates the need to meesure

soil-plant-water relationships to fully exploit the bcnefi~s of plant cover in managing surface water and,

hence, site performance. Likewise, the controlling influence of precipitation dictates that we have good

estimates of climatic variability and climatic extremes in order to develop probabilistic approaches to

designing trench covers and predicting performance.

Relationships in the CREAMS model were, for the most part, derived from cultivated agricultural

land and should be immediately useful in design and evaluation of humid LLW sites. Less information is

available for semiarid and arid regions. Information required for ir.put to CREAMS (Table 2) also

identifies measurements that should be made during site characterization. Data !hat are relatively easy to

obtain or derive from the literature are topography, soil type, nnd soil characteristics, Less information is

available on plam-soil-water relationships, particularly for the nonagricultural plant species often used in

revegetation of LLW sites,

A number of studies are currently underway at Los Alamos to provide technical data on the water

balance in the cover profile ( 15,16, 19). Those studies address questions rel~tivl [o plnnt rooting depth,

evapotrnnspiration, and the elTect of vegetation cover on runa~ and erosion.

The importance of biological intrusion in mobilizing wstste rsnd in altering water :elaticsnships in

cover profiles cannot bc fully assessed atthis time because of the lack of pertinent data nnd a:tempts io

assess the reluLivc importance of the various radionuclidc transpor[ pathway’ at LLW sites. Some of the

important information needs rciative to biological intrusion are listed in Table 2, An important question

regarding both plants and animals is how intrusion potential changes as biotic species change tccuusc crf

natural succession, At Los Alamos. in as little as ?5 years, LLW site ground cover can chnngc from a

hare, unvcgctatcd surface to a near climax vcgctu[ion community crrnsisling of Irwge trees and shruhs

(39), SCveriSl studies arc undcrwny in :hc U,S, to develop biological intrusion barrier systems thi~t limit

plant roof ml burrowing rmimal access to the wns[c (40,4 1,42),

SUMMARY

l’lns~d on a review of operwing experience.i n[ several lowlcvel wiIslc sites in the 1).S,, occurrences

of rudiunuclide transport from these sites gencrnlly involve fuilurr of the trench cover, t:urtherrnorc,

trunsport pathways often do not invnlvc ground wntcr, hut rather lend [o contuminntion of st~il nnd hit}tn

on the trench cover surfncc, l“hc avail uhility of a proccdurc to r,ccurntcly cslimntc soil wntcr Imlnncc

nil. )ws fol u priori idcntificrstion of criticnl fcnturcs of SLB trench covers thn[ cnn hc mrmipulutcd m

op[imi?c designs nnd to select fcnturcs for munilorin~ to cvalunlc site pcrformnncc.

Ihc ~Rl~AMS nmdd hits I)ccn shuwsn 10 reflect chnrtgcs in soil rm}isturc under vnrying conditi~m~

l)f prccipi[nlion, ct’npotrllllspirllli~)ll, runoff, und pcrcldnlion ns influenced by soils, vcgcln[ilm. l:lnLI USC,

nnd climntc. Of spccinl siguificnllcc is thr drilily 1~1qunn[il’v thrr(dc thnt vcgctnti(m plnys ill thr sl}il wnlcr

brdnncc.

“1’hcr(dc 111111plnnts nnd nnimds plny in trnllsptwlillk rndiwluclidcs frlml huri[ll trcnrhcs cunm)[ IW

fully usscsscd, nllh[wgh there nrc imlicnlions thnt these lrnnsptlr[ pnlhwnys cnnnol hc dismissed ns

unimportant. Pasl studies hnvc shown thnt rndionuclidcs brought I() the soil surrncc cnn bc [rnnsptwtml by

wind nnd wn(er [0 oflsitc nrens nnd thul thc:lc physiuul trnt)sporl prnccsscs dutninntc in thr m(wcmcnl (i

soil clmlnrninmtx throuuh food”webs,

Mnjor umwlvcd prt)hlcms irtcludc t!cvclopin~ prohnl}ilislic nppronchrs [hnt itdudc climntir

vnrinllility, impr(wcd knowlcd~c of soil plnnl wn[er erosion” relnti[mstlips, dcvclopIIIcnI (d’ prn~’ticnl nml

optimum rcvcgclnti(m mid cover nlnin(cmwc whctnes, prcdiulion nnd ~lllllllliliclllil!ll ()[’ plnnl nnd nllinllll

succession, rrnd unders[nnding Ihc intcrnmi(ln {i proccssm ol’currlng (m niul ill [hr lrcm’h Cover willl

dcrprr sulmur~ncc processes,



Table 2. Examples of Information Needs Relative to Low-Level Waste Buriai Site Trench Covers

Water Balance !nteraclions--lnput Data for the CREAMS Model

Topography

e Position Of facility in the watershed

. Slope steepness, length, and shape

Soil Characteristics in the Trench Cover

● Soil type, texture, and erodibility

● Soil depth, structure, and Iayciing

● Water holding capacity and hydraulic conductivity

Vegetative Cover

● Plant rooting depth

● %~sonal leaf area index for evapo[ranspiration

. Plant density and canopy height for erosion estimtr[es

Climatic Data

● Dally precipitation

● Mean monthly air temperature and solar radiation

Biological Intrusion Potcntinl
.—. .—

. Rooting depths of major plant species

● Burrowing dep[hs of mujor animul spccics

● Plnnt smd animal succcssionnl pnttcrrls and their illlernctions
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